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HTXLSPHQWWRGLVSODFHVRLO&RQYHUVHO\QRQLQYDVLYHWHFKQLTXHVGRQRWGLVWXUEVRLODQGDOORZUHVHDUFKHUVWRLQYHVWLJDWH
WKHVXEVXUIDFHZLWKPXFKOHVVULVNRIGHVWUR\LQJHYLGHQFH>@*HRSK\VLFDOWHFKQLTXHVVXFKDV*35DUHDQH[FHOOHQW
PHWKRGRIGHWHFWLQJEXULHGREMHFWVZLWKRXWGLVWXUELQJWKHJURXQGDQGDVVRFLDWHGHYLGHQFH
*URXQG3HQHWUDWLQJ5DGDU*35LVDKLJKUHVROXWLRQHOHFWURPDJQHWLFWHFKQLTXHWKDWLVXVHGWRLQYHVWLJDWLRQVLQWKH
VKDOORZVXEVXUIDFHRIWKHHDUWK$JURXQGUDGDUV\VWHPFRQVLVWVRIDFRQWUROXQLWDQLPSXOVHJHQHUDWRUWZRDQWHQQDV
IRUWKHWUDQVPLVVLRQDQGWKHUHFHLYLQJRIWKHVLJQDOVDQGDPHPRU\>@7KHLPSXOVHJHQHUDWRUVHQGVVKRUWHOHFWULF
SXOVHVaQVWRWKHWUDQVPLWWLQJDQWHQQD7KHWUDQVPLWWHUUDGLDWHVWKH(0ZDYHVLQWRWKHJURXQG:KHQWKHZDYHV
ZKLFKVSUHDGLQWRWKHJURXQGFRPHDFURVVZLWKDQ\REMHFWVRUGLVFRQWLQXLWLHVWKHZDYHVDUHGLIIUDFWHGUHIUDFWHGDQG
UHIOHFWHG7KHUHIOHFWHGZDYHVZKLFKDUHVHQWEDFNWRWKHVXUIDFHDUHPHDVXUHGE\WKHUHFHLYLQJDQWHQQDDPSOLILHGDQG
GLVSOD\HGE\WKHFRQWUROXQLWDVDIXQFWLRQRIWLPHWKLVLVFDOOHG³UDGDUWUDFH´'DWDFROOHFWLRQLVSHUIRUPHGRQWKH
SURILOHVGHSOR\HGDWUHJXODULQWHUYDOVZLWKFHUWDLQPHDVXUHPHQWLQWHUYDOV7KHWUDFHVDWHDFKPHDVXUHPHQWSRLQWDUH
DGMRLQHGDQGWZRGLPHQVLRQDO%UDGDUVHFWLRQVFDOOHGDV³UDGDUJUDP´DUHREWDLQHG
0HWKRGRORJ\
,QWKHSUHVHQWVWXG\*35PHWKRGZDVXVHGWRUHYHDOGHWHUPLQDELOLW\RIGHSWKVDQGSRVLWLRQVRIGLIIHUHQWREMHFWV
ZKLFKLVEXULHGLQVHYHUDOSODFHVRIDFHUWDLQILHOG7KHVL]HRIWHVWVLWHLVP[P,QWKHWHVWVLWHDPHWDO
SODWH SODVWLF SLSHV ZKLFK KDYH GLIIHUHQW GLDPHWHU D PHWDO F\OLQGULFDO REMHFW DQG D ZRRGHQ REMHFW ZHUH EXULHG
XQGHUJURXQG)LJ7RGHWHFWWKHVHREMHFWIURPWKHVXUIDFHWKHDQG0+]FHQWHUIUHTXHQF\DQWHQQDVZKLFK
DUH FRPSDWLEOH ZLWK 5$0$& &8 ,, V\VWHP ZHUH XVHG 7KH UDGDUJUDPV REWDLQHG IURP WKH PHDVXUHPHQWV ZHUH
SURFHVVHGXVLQJ5HIOH[:VRIWZDUHYHUVLRQ$IWHUWKHSURFHVVLQJRIGDWDWKHUHIOHFWHGVFDWWHUHGUHIOHFWLRQVRQ
WKHSURFHVVHGUDGDUJUDPVZHUHH[DPLQHGDQGWKHUDGDUJUDPVZHUHLQWHUSUHWHGWRGHWHUPLQHWKHGHSWKVDQGSRVLWLRQV
RIWKHREMHFWVIURPWKHVXUIDFH$OVRWKHGDWDREWDLQHGIURP0+]DQG0+]FHQWHUIUHTXHQF\DQWHQQDVZHUH
FRPSDUHGDQGWKHGLIIHUHQFHVEHWZHHQWKHPLQWHUPVRIUHVROXWLRQZHUHGLVFXVVHG


)LJD7KHSODQRIWKHWHVWVLWHE/RFDWLRQRIREMHFWV
2.1. Data Collection 
,QWKHWHVWDUHDSDUDOOHOVL[SURILOHV)LJPLQORQJZHUHFUHDWHGDWFPLQWHUYDOV$ORQJHDFKSURILOHGDWD
ZHUHFROOHFWHGE\XVLQJ5$0$&&8,,UDGDUV\VWHPDQG0+]DQG0+]FHQWHUIUHTXHQF\DQWHQQDVZKLFK
DUHFRPSDWLEOHZLWKWKLVV\VWHP
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2.2. Data Processing and Interpretation 
5HVXOWVIURPWKH*35GDWDZHUHSURFHVVHGXVLQJ5HIOH[:VRIWZDUH7KHSURFHVVLQJIORZFRQVLVWVRIGHZRZWR
UHPRYHORZIUHTXHQF\HIIHFWVJDLQWRFRXQWHUWKHHIIHFWVRIDWWHQXDWLRQRIWKHVLJQDOIURPGHHSHUWUDFHVEDFNJURXQG
UHPRYDOWRUHPRYHKRUL]RQWDOEDQGLQJHIIHFWVFDXVHGE\QDWXUDOO\RFFXUULQJLQWHUIDFHVDQGULQJLQJDQGPRYHVWDUW
WLPHWRVHWSURSHUO\WKH]HURWLPHUHVSHFWLYHO\
2QWKHUDGDUJUDPVREWDLQHGIURPSURFHVVHGGDWDWKH[D[LVVKRZVGLVWDQFHZKLFKVKRXOGEHSURSHUO\FDOFXODWHG
WKHVHWWLQJVLQSXWEHIRUHWKHVWDUWRIFROOHFWLRQDQGWKH\D[LVVKRZVWKHWLPHLWWDNHVIRUWKHSXOVHG(0ZDYHWRWUDYHO
WRWKHUHIOHFWHGDUHDDQGEDFN
2.2.1. Processing of data collected using the 250 MHz center frequency antenna 

(DFK GDWD SURFHVVLQJ VWHSZDV VKRZQ IRU RQO\ SURILOH  )LJ  )RU WKH RWKHU SURILOHV RQO\ WKH GDWD DIWHU
SURFHVVLQJZHUHJLYHQ)LJ$OVRWKHSURFHVVHGGDWDDUHLQWHUSUHWHGIRUHDFKSURILOH


)LJ7KHFKDQJHRQWKHGDWDDIWHUVWHSGHZRZ
$ORQJWKHSURILOHKLJKDPSOLWXGHUHIOHFWLRQVDUHREVHUYHGEHWZHHQDQGPHWHUV$PSOLWXGHVKDYHGHFUHDVHG
JUDGXDOO\XQWLOWKPHWHU+LJKDPSOLWXGHUHIOHFWLRQVVKRZWKDW WKHUHDUH WZRHQYLURQPHQWVZKLFKKDYHGLIIHUHQW
GLHOHFWULFSURSHUWLHV)LJ
$ORQJ WKHSURILOHKLJKDPSOLWXGHK\SHUEROLFUHIOHFWLRQVDUHREVHUYHGEHWZHHQDQGPHWHUVDERXWFPLQ
GHSWK 7KHVH UHIOHFWLRQV ZHUH JHQHUDWHG IURP EXUULHG REMHFWV $ORQJ WKH SURILOH  KLJKDPSOLWXGH K\SHUEROLF
UHIOHFWLRQVDUHREVHUYHGLQWKHWKPHWHUDQGDERXWFPLQGHSWK7KHVHUHIOHFWLRQVZHUHJHQHUDWHGIURPEXUULHG
REMHFWV'LVVHPLQDWHGUHIOHFWLRQVPD\UHSUHVHQWFO\OLQGLULFDOREMHFWV)LJ
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
)LJ7KHFKDQJHRQWKHGDWDDIWHUVWHSJDLQ


)LJ7KHFKDQJHRQWKHGDWDDIWHUVWHSEDFNURXQGUHPRYDO


)LJ7KHFKDQJHRQWKHGDWDDIWHUVWHSPRYHVWDUWWLPH

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
)LJ3URFHVVHG*35UHIOHFWLRQSURILOHXVLQJWKH0+]DQWHQQD SURILOH


)LJ3URFHVVHG*35UHIOHFWLRQSURILOHXVLQJWKH0+]DQWHQQD SURILOH



)LJ3URFHVVHG*35UHIOHFWLRQSURILOHXVLQJWKH0+]DQWHQQD SURILOH

+LJKDPSOLWXGHK\SHUEROLFUHIOHFWLRQVDUHREVHUYHGLQWKHWKPHWHUDQGDERXWFPLQGHSWKDORQJWKHSURILOH
7KHVHUHIOHFWLRQVPLJKWEHJHQHUDWHGIURPRQHRIWKHEXUULHGREMHFWV


)LJ3URFHVVHG*35UHIOHFWLRQSURILOHXVLQJWKH0+]DQWHQQD WKHSURILOH
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

)LJ3URFHVVHG*35UHIOHFWLRQSURILOHXVLQJWKH0+]DQWHQQD SURILOH



)LJ3URFHVVHG*35UHIOHFWLRQSURILOHXVLQJWKH0+]DQWHQQD SURILOH

2.2.2. Processing of data collected using the 800 MHz center frequency antenna 

)LJ3URFHVVHG*35UHIOHFWLRQSURILOHXVLQJWKH0+]DQWHQQD SURILOH


)LJ3URFHVVHG*35UHIOHFWLRQSURILOHXVLQJWKH0+]DQWHQQD SURILOH
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
$ORQJWKHSURILOHVDQGIURPWKHVXUIDFHWRPGHSWKWKHUHIOHFWLRQVDUHXQLIRUP$IWHUPGHSWKKLJK
DPSOLWXGHUHIOHFWLRQVDUHREVHUYHG)LJ$ORQJWKHSURILOHLQWKDQGWKPDQGFPLQGHSWKKLJK
DPSOLWXGHK\SHUSROLFUHIOHFWLRQVDUHREVHUYHG7KHVHUHIOHFWLRQVZHUHJHQHUDWHGIURPWKHEXUULHGREMHFWV)LJ


)LJ3URFHVVHG*35UHIOHFWLRQSURILOHXVLQJWKH0+]DQWHQQD SURILOH

$ORQJWKHSURILOHEHWZHHQDQGPDERXWFPLQGHSWKDQGEHWZHHQDQGPDERXWFPLQGHSWK
K\SHUEROLF UHIOHFWLRQV DUH REVHUYHG 7KHVH UHIOHFWLRQV PLJKW EH JHQHUDWHG IURP WKH EXUULHG REMHFWV ZKLFK KDYH
GLIIHUHQWGLHOHFWULFSURSHUWLHVIURPWKHHQYLURQPHQW)LJ


)LJ3URFHVVHG*35UHIOHFWLRQSURILOHXVLQJWKH0+]DQWHQQD SURILOH

$ORQJWKHSURILOHEHWZHHQPPDERXWFPLQGHSWKKLJKDPSOLWXGHELJK\SHUEROHVDUHREVHUYHG
3UREDEO\WKHVHUHIOHFWLRQVZHUHGHULYHGIURPWKHDPSOLWXGHGLVWRUWLRQZKLFKLVEHFDXVHRIIULFWLRQZKLFKRFFXUHG
EHWZHHQVWRQHVRUJUDVVHVRQWKHJURXQGDQGWKHDQWHQQD)LJ

$ORQJWKHSURILOHKLJKDPSOLWXGHUHIOHFWLRQVDUHREVHUYHG7KHVHUHIOHFWLRQVPLJKWEHGHULYHGIURPWKHIULFWLRQ
ZKLFKRFFXUHGEHWZHHQWKHJURXQGDQGWKHDQWHQQD)LJ

)LJ3URFHVVHG*35UHIOHFWLRQSURILOHXVLQJWKH0+]DQWHQQD SURILOH
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
)LJ3URFHVVHG*35UHIOHFWLRQSURILOHXVLQJWKH0+]DQWHQQD SURILOH
&RQFOXVLRQV
,QWKHSUHVHQWVWXG\WRGHWHUPLQHWKHGHSWKVDQGSRVLWLRQVRIGLIIHUHQWREMHFWVZKLFKZHUHEXUULHGLQDWHVWDUHD
WKH SHUIRUPDQFH RI *35PHWKRG ZDV LQYHVWLJDWHG %DVLF GDWD SURFHVVLQJ VWHSV ZHUH DSSOLHG RQ WKH UDGDUJUDPV
RQWDLQHGIURPGDWDFROOHFWHGXVLQJ*35PHWKRGDQGSURFHVVHGGDWDZHUHLQWHUSUHWHGDFFRUGLQJWRDPSOLWXGHRIWKH
UHIOHFWLRQV7KHFRFOXVLRQVREWDLQHGIURPWKLVVWXG\DUHDVIROORZ

D ,WLVQHHGHGDJRRGFRQWDFWEHWZHHQWKHDQWHQQDDQGWKHJURXQGWRDFTXLUHDULJKWGDWD,QWKHSUHVHQWVWXG\RQ
WKHGDWDFROOHFWHGXVLQJ0+]FHQWHUIUHJXHQF\DQWHQQDDPSOLWXGHGLVWRUWLRQVZHUHREVHUYHGEHFDXVHRIWKH
IULFWLRQEHWZHHQWKHJURXQGDQGWKHDQWHQQD7KLVVLWXDWLRQDIIHFWVQHJDWLYHO\DULJKWLQWHUSUHWDWLRQ>@
E *35LVDVXFFHVVIXODQGQRQGHVWUXFWLYHPHWKRGIRUVKDOORZLQYHVWLJDWLRQV*35PHWKRGLVSUDFWLFDOWRGHWHUPLQH
EXUULHGREMHFWVLQWKHVKDOORZGHSWKV
F 7KHUHIOHFWLRQVEHWZHHQWZRGLIIHUHQWHQYLURQPHQWVZKLFKKDYHGLIIHUHQWGLHOHFWULFSURSHUWLHVDUHGLIIHUHQW

7KHIUHTXHQF\RIWKHXVHGDQWHQQDLVTXLWHLPSRUWDQW7KH0+]DQWHQQDRIIHUVKLJKUHVROXWLRQIRUVKDOORZ
GHSWKLQYHVWLJDWLRQVZKLOHWKH0+]DQWHQQDRIIHUVOHVVUHVROXWLRQEXWPRUHSHQHWUDWLRQGHSWK,QWKHSUHVHQWVWXG\
LWLVFRQFOXGHGWKDWWKH0+]FHQWHUIUHTXHQF\DQWHQQDLVPRUHDSSURSULDWHWRGHWHFWLRQRIGLPHQVLRQVDQGGHSWKV
RIWKHEXUULHGREMHFWVZKLFKXVHGLQWKLVVWXG\
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